ABSTRACT Previous studies have shown that treatment of mice in vivo with xenogeneic anti-idiotype produced against a monoclonal anti-H-2Kk antibody, 11-4.1, leads to the induction of molecules (Id') that inhibit the binding ofanti-idiotype to idiotype. To investigate the nature ofthese Id' molecules, spleens from such anti-idiotype-treated mice were fused with the SP2/0 myeloma to produce monoclonal Id' antibodies. All four monoclonal Id' antibodies were found to react with goat and rabbit anti-11-4.1 in addition to the pig anti-idiotype used for their induction and one of the four, J1-8-1, reacted with syngeneic BALB/c anti-11-4. 1. Partial amino acid sequences were determined for the heavy and light chains ofthese monoclonal antibodies. JI-8-1 heavy chain had an NH2-terminal amino acid sequence identical to that of 11-4.1 for the 39 NH2-terminal residues assigned, whereas its light chain and the heavy and light chains of the other Id' molecules differed markedly from those of the 11-4.1 antibody. Isolated heavy chains and light chains of J1-8-1 and 11-4.1 were reassociated in homologous and heterologous pairs. When JI-8-1 heavy chains and 11-4.1 light chains were mixed in equimolar concentrations, anti-H2Kk reactivity was found at a level approximately 10% of that observed for reassociated 11-4.1 homologous heavy and light chains. The finding that in vivo anti-idiotype treatment can trigger Id' molecules structurally similar to the original idiotype has implications regarding the mechanism ofinduction ofId' molecules and the regulation of repertoire expression by idiotypic networks.
In previous studies, the effects ofin vivo treatment with xenogeneic anti-idiotype antibodies (anti-Id) produced against monoclonal anti-H-2Kk antibodies have been examined. The results of these studies have indicated that (i) xenogeneic anti-Id can be produced that react specifically with the intact monoclonal antibody and with its isolated heavy chains (1) and (ii) in vivo treatment with xenogeneic anti-Id induces molecules capable of inhibiting the binding of the anti-Id to Id (2, 3) . In general, these molecules could be detected by xenogeneic and, in certain instances by syngeneic anti-Id (unpublished results). These and similar findings (4-7) suggest that treatment of mice with antiId leads to the production ofAb3 molecules (Id') that react specifically with pig anti-Id. These Id' molecules could be members of a family of idiotope(s)-sharing molecules structurally similar to the original idiotype (Id'), some having antigen-binding activity but most lacking the ability to bind antigen. Alternatively, these Id' molecules might be anti-(anti-idiotype) produced against variable region determinants distinct from those that are complementary to the original H-2 antigen.
To examine the structural basis of idiotype formation, we have used hybridoma technology to generate Id' molecules.
First, four monoclonal Id' antibodies were generated from antiId-treated mice and examined for idiotope expression using several species of xenogeneic as well as syngeneic anti-idiotypes. Second, isolated heavy and light chains of both the original hybridoma and the monoclonal Id' antibodies were subjected to amino acid sequence analysis. Finally, homologous and heterologous heavy and light chain reassociation experiments were carried out to assess the antigen-binding activity of one structurally similar monoclonal Id' heavy chain. Our results indicate that anti-Id treatment can trigger production of molecules that share idiotopes with the original idiotype, some of which need appropriate light chains to permit antigen binding.
MATERIALS AND METHODS Animals, Immunizations, and Hybridoma Cell Lines. BALB/c mice were obtained from Charles River Laboratories (Wilmington, MA). Clone 11-4.1 (IgG2a, K) of Oi et al. (8) was obtained through the Salk Institute. Xenogeneic and syngeneic anti-Id antibodies were produced and purified as described (2) . Monoclonal Id' antibodies were generated from spleen cells of anti-Id-primed mice. For this purpose, BALB/c mice were treated with 20 ,ug of purified pig anti-11-4.1 in saline intraperitoneally on days 0 and 3. On day 10 and weekly thereafter, the mice were bled and idiotype levels were assessed by using an enzyme-linked immunosorbant assay (ELISA) (6) . Once high levels of Id' were detected in the sera of anti-Id-treated mice, the mice were boosted intravenously with 20 ,g ofanti-Id and, 3 days later, their spleen cells were harvested and fused with SP2/0 cells as described (9) .
ELISA for Detection of Id'. Culture supernatants from growth-positive wells were assayed after 7-14 days for idiotype by a direct binding ELISA. Briefly, 200 ,ul of pig anti-11-4. 1 Id (10 ,ug/ml) was incubated in each well of 96-well ELISA plates overnight. The plates were washed three times with phosphate-buffered saline (Pi/NaCl)/0.05% Tween 20 (Sigma) and culture supernatant from individual growth-positive wells was added to each anti-Id-coated well for an additional overnight incubation at 4°C. After the plates were washed three times with P1/NaCl/Tween, excess peroxidase-coupled rabbit anti-mouse Ig (Miles-Yeda Ltd, Rehovot, Israel) was added to each well. After 1 hr, the plates were washed as before and enzyme activity was assayed by using the substrate o-phenylene diamine. Individual wells were scored positive if significant binding was found to pig anti-idiotype but not to normal pig Ig. All positive cultures were recloned in the presence of rat fi- The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
broblast feeder cells at 0.3 cell per well. Ascites for each monoclonal Id' was prepared in BALB/c mice by the injection of 2 X 106 hybridoma cells. After 2 wk. the animals were tapped and ascites were collected and stored at -20TC.
Purification of Hybridoma Proteins. The 11-4.1 antibody was purified from ascites fluid on protein A-Sepharose columns as described (2) . Monoclonal IgG1, K and IgM, K antibodies were purified by affinity chromatography using an anti-IgG1 or an anti-IgM coupled Sepharose column, respectively (2). In the case of the IgG2a and IgG1 antibodies, a predominant Mr 50,000 band could be detected by NaDodSO4/polyacrylamide gel electrophoresis with no detectable contamination by IgM. However, small amounts ofcontaminating IgG were found after purification of the monoclonal IgM antibodies (data not shown).
Separation Detection of Anti-H-2Kk Activity. Flow microfluorometry was used for the detection of anti-H-2Kk activity as described (2) . Briefly, 25 ,ul of purified monoclonal antibody (0.5 mg/ml) was incubated with 1 x 106 spleen cells from BlO. BR (H-2Kk) mice. After 1 hr of incubation, the spleen cells were washed in staining medium (2) , and fluorescein-conjugated F(ab')2 antiIgGl and anti-IgG2 antibodies were added. After a 30-min incubation, the cells were washed and analyzed on a Becton-Dickinson fluorescence-activated cell sorter (12) .
Detection of Shared Idiotopes on Monoclonal Id' Antibodies. Purified monoclonal Id' antibodies were used to coat microELISA plates at a concentration of 2,ug/ml. Xenogeneic anti-idiotype or syngeneic anti-idiotype was assayed for binding in an "Id cross linking" assay to be described elsewhere. Briefly, Id-or Id'-coated plates were incubated with serial dilutions of xenogeneic or syngeneic anti-idiotype for 1 hr and washed three times with Pi/NaCl/Tween. A preparation of fluorescein-conjugated 11-4.1 was then added in excess to each well. Detection of anti-Id relies on the crosslinking of idiotype bound to the plates and free fluorescein-conjugated Id in the medium. After a 1-hr incubation with the fluorescein-conjugated idiotype, wells were washed three times in P1/NaCl/Tween. Alkaline phosphatase-coupled anti-fluorescein antibodies were then added, and the mixture was incubated for 1 hr, washed, and developed using an alkaline phosphatase substrate (Sigma).
RESULTS
Production of Monoclonal Id' Antibody. Monoclonal Id' antibodies were generated from cells resulting from a fusion between spleen cells from BALB/c mice treated in vivo with pig anti-11-4. 1 and the myeloma variant cell line SP2/0, which does not synthesize either heavy or light Ig chains. The BALB/c mice used in this procedure were assayed for serum Id' antibodies prior to fusion as described (2) . Supernatants from growth-positive wells were examined for idiotype in a directbinding ELISA. Because mice treated with pig anti-Id produce both Id' and anti-pig antibodies, only supernatants of clones that bound to both pig and rabbit anti-Id-but not normal pig Ig-coated plates were considered positive. Cells from cultures producing antibodies that bound both pig and rabbit anti-Id were immediately recloned at 0.3 cell per well.
Analysis of Idiotypy of Monoclonal Id' Antibody. Monoclonal antibodies were affinity purified from culture supernatants obtained from the cloned hybridomas and assayed quantitatively for idiotype expression. In these experiments, the purified monoclonal antibodies were bound to microELISA wells (2 Ag/ml) and both xenogeneic and syngeneic anti-Id binding was examined. Fig. 1 shows that, in addition to the pig and rabbit anti-Id, goat anti-Id bound to all four of the monoclonal Id' antibodies. Binding of monoclonal Id' antibody to normal Ig-coated plates was not detected (data not shown). In addition, a-Id binding could be completely inhibited by the homologous Id' and 11-4.1 antibodies and in part by the monoclonal Id' antibodies but were not inhibited by normal mouse Ig (data not shown). The relative titers of the xenogeneic antiId differed among the monoclonal antibodies, suggesting that the various monoclonal Id' antibodies did not express all of the same idiotopes and therefore probably differed in their structures. This possibility was supported by studies using the syngeneic anti-Id reagent, BALB/c anti-11-4. 1. Unlike the xenogeneic reagents, which bound to all four monoclonal Id' antibodies with a very high titer, the syngeneic reagent bound to only one (J1-8-1; Fig. 1B ). As shown, the xenogeneic anti-Id bound with a higher titer than the syngeneic anti-Id. However, since syngeneic anti-Id significantly bound to J1-8-1 molecules, this particular monoclonal Id' antibody may be more similar in structure to the original idiotype than the other monoclonal Id' antibodies. These results are consistent with data from previous studies showing that the syngeneic anti-Id detected only a subpopulation of the idiotopes induced by the xenogeneic reagents (unpublished results).
Analysis of Antigen-Binding Activity of the Monoclonal Id' Antibody. Similarities between the monoclonal Id' antibodies and the original Id were assessed by examining their abilities to bind H-2Kk antigen. Flow microfluorometric analysis showed that 11-4.1 bound strongly to H-2Kk lymph node cells, whereas the four monoclonal Id' antibodies did not (Table 1) showed substantial differences among three of the four monoclonal Id' antibodies and the original hybridoma. In the case of one of these three antibodies, J1-107-7, we were not able to obtain a pure preparation and two amino acid residues were observed at several positions. However, none of the various potential sequences showed any similarity to the 11-4.1 heavy chain. The fourth Id' antibody, J1-8-1, showed complete concordance in all of the first 39 amino acids analyzed, including several residues in the first hypervariable region.
Reconstitution of Anti-H-2 Reactivity by Reassociation of Heavy and Light Chains. Because there was identity throughout the first 39 amino acid residues between the heavy chains of the J1-8-1 monoclonal and the original 11-4.1 anti-H-2Kk antibody, we postulated that the heavy chains were similar and that the lack of antigen-binding activity was due to different light chain structures. To study this possibility, purified heavy chains from 11-4.1 (0.5 mg/ml) and J1-8-1 (0.5 mg/ml) were mixed with homologous or heterologous light chains (0.25 mg/ ml) under reassociation conditions and tested for anti-H-2Kk activity. There was a small but significant specific anti-H-2 antibody activity generated from the J1-8-1 heavy/11-4.1 light mixture (Table 2) . This activity was shown to be specific by its ability to react with B10.A but not B10. D2 lymph node cells. However, the reactivity was much less than that ofreassociated homologous 11-4.1 heavy and light chains. It is unclear whether the lesser activity of the heterologous reassociated heavy and light chains is due to subclass differences (IgG1 vs. IgG2a), efficacy of reassociation, or amino acid differences as yet undetermined. Attempts to assess the precise relative amounts of reassociation between heavy and light chains by using analytical ultracentrifugation have so far been unsuccessful. However, it is clear that the anti-H-2Kk activity cannot be attributed to contaminating 11-4.1 heavy chain in the light chain preparations because there was no activity over background fluorescence of the reconstituted isolated 11-4.1 light chains (Table 2 ). the mechanism of induction of Id' molecules. It has been suggested that anti-Id treatment induces Id' antibodies by triggering cells that have idiotope-bearing receptors rather than by immunizing with some portion of the anti-Id that mimicked the original H-2 antigen against which the idiotype was directed (14) . This possibility now seems likely because the sequence homology of J1-8-1 with the original idiotype is limited to the heavy chain and, in combination with its own light chain, J1-8-1 expressed no antigen-binding activity. Finally, unlike the other class of Id' molecules, the J1-8-1 antibody reacted with syngeneic anti-Id. We have noted that syngeneic reagents reacted with only a subpopulation of the antigen-non-binding Id' molecules induced by xenogeneic anti-Id whereas they consistently inhibited the antigen-binding activity of anti-Id-induced anti-H-2 antibodies (unpublished results). Taken together, these results support the hypothesis that the idiotopes detected by syngeneic anti-Id are intimately associated with antigen-binding activity. Thus these reagents may have particular importance in the regulation of alloimmune responses by anti-idiotypes.
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